Objectives-To assess whether cesarean delivery changes the natural position of the uterus.
T he incidence of cesarean deliveries has increased substantially over the past 25 years worldwide. 1 In addition, the number of gynecologic procedures involving the uterus has risen. 2 For example, surgical evacuation for termination of pregnancy has increased 2-fold. 3 Copper intrauterine device (IUD) and levonorgestrel-releasing IUD placement has increased such that 14% of women are using an IUD worldwide. 4 The uterine position is traditionally defined by 2 angles: the flexion angle between the uterine body and the cervix and the version angle between the cervix and the vagina. In an anteflexed uterus, the uterine fundus is angled toward the anterior abdominal wall. In contrast, in a retroflexed uterus, the fundus is angled toward the sacrum.
The uterine position is routinely assessed during a standard bimanual examination. Uterine version together with flexion can be determined with imaging studies, such as in-office bedside ultrasonography (US). This easily obtained information is valuable to the gynecologist particularly when performing intrauterine procedures such as dilation and curettage, endometrial biopsy, saline infusion sonohysterography, and insertion of an IUD.
Over the years, we have observed more and more retroflexed uteri in our practice. Sanders and Parsons 5 reported that 27% of women with a US-detected retroflexed uterus had a history of cesarean delivery, whereas this condition was true in only 1% of women without prior cesarean delivery. However, they only assessed the medical history (ie, cesarean delivery) of patients attending their clinic for a US examination and did not compare antepartum and postpartum images of the same patients.
Our hypothesis was that the increased prevalence of a retroflexed uterus is caused by the cesarean delivery or scar. Therefore, the purpose of our study was to assess whether cesarean delivery changes the natural position of the uterus.
Materials and Methods
This work was a retrospective cohort study, approved by the Institutional Review Board of the New York University School of Medicine. We searched our database for women with vaginal or cesarean delivery between 2012 and 2015. Women were included if transvaginal ultrasonography (TVUS) was completed before and after index delivery (antepartum and postpartum). Patients were identified by reviewing the billing information from our obstetrics and gynecology practices by using the following Current Procedural Terminology codes associated with cesarean and vaginal delivery: 59400, 59510, 59410, 59515, 59409, 59614, 59514, 59610, and 59612. On the basis of the delivery dates, the resulting patient selection was further narrowed to identify all women with TVUS examinations performed before and after index delivery: Current Procedural Terminology codes 76830, 76831, 76856, and 76857 for gynecologic US examinations. Patients with prior uterine surgery including cesarean delivery, US evidence of fibroids measuring larger than 3 cm, or pelvic prolapse were excluded. Image quality was assessed by the following criteria: The entire uterus must have been visualized in a single longitudinal transvaginal grayscale image with an empty bladder. For the measurement of the antepartum flexion angle, gynecologic TVUS before pregnancy or in early pregnancy (up to 7 weeks' gestation) was accepted. Postpartum US images were accepted if the gynecologic TVUS scan was performed 2 weeks postpartum at the earliest because in the early normal puerperium, the position of the uterus can be variable. 6 Patient age was calculated. The mean intervals between the antepartum US and delivery and the postpartum US and delivery were calculated.
For each patient, single TVUS images before delivery and postpartum were assessed. Two readers (A.K.A. and I.E.T.-T.) independently measured the flexion angle between the longitudinal axis of the uterine body and the cervix ( Figure 1 ). For patients who underwent a cesarean delivery, the distance between the scar and external os was also calculated in the postpartum image ( Figure 2 ). The readers measured the flexion angle and the scar-to-external os distance with a protractor and ruler provided by the US imaging database.
Each image was measured 3 times by each reader, and the mean value was used for the analyses. The intraclass correlation coefficient (ICC) was calculated to assess inter-reader agreement with regard to the flexion angle. The ICC was interpreted as follows: poor, 0.40 or less; moderate, 0.41 to 0.60; substantial, 0.61 to 0.80; and almost perfect, 0.81 to 1.00. 7 Due to the almost perfect inter-reader agreement (see "Results"), the average of measurements from both readers was calculated and used for all further statistical analyses. Antepartum and postpartum flexion angles were compared between patients with vaginal and cesarean delivery by the Mann-Whitney U test. Anteflexion was defined as a flexion angle of 179.98 or less, whereas retroflexion was defined as a flexion angle of 180.08 or greater. The numbers of patients in the vaginal and cesarean delivery groups changing from anteflexed to retroflexed and retroflexed to anteflexed and the number of patients without a change in flexion were calculated and compared by the McNemar test. The extent of change of the flexion angle before and after delivery was calculated and compared between the groups by the Mann-Whitney U test. After cesarean delivery, the scar-to-external os distance was correlated with the angle change, by the Pearson correlation. All analyses were conducted with SPSS Statistics version 22 software (IBM Corporation, Armonk, NY).
Results
A total of 173 women met our criteria and were included into the study. The number of women with vaginal delivery was 107 of 173 (62%), and the number with cesarean delivery was 66 of 173 (38%). The mean age 6 SD at delivery was 32 6 5 years. The mean intervals between delivery and postpartum US were 10.7 6 7.6 months in the vaginal delivery group and 9.1 6 8.7 months in the cesarean delivery group (P 5 .443). The mean interval between scans was 18 6 10 months (P 5 .994).
Inter-reader agreement for antepartum flexion angles was almost perfect (ICC, 0.939; 95% confidence interval, 0.916-0.956; P < .001). Inter-reader agreement for postpartum angles was almost perfect as well (ICC, 0.969; 95% confidence interval, 0.956-0.978; P < .001).
There was no statistically significant difference in the antepartum flexion angles between the groups (mean angle: vaginal delivery, 145.88 6 43.78; cesarean delivery, 154.88 6 45.78; P 5 .216). However, there was a statistically significant difference in postpartum flexion angles, with mean angles of 152.88 6 47.78 in the vaginal delivery group and 180.48 6 51.28 in the cesarean delivery group (P < .001). The mean angle changes were 7.08 6 54.88 in the vaginal delivery group and 25.68 6 56.58 in the cesarean delivery group (P 5 .027).
More patients in the cesarean delivery group had a change in uterine flexion from anteflexed to retroflexed (29% [19 of . Some uteri, however, switched from retroflexed before delivery to anteflexed after delivery. This change was documented in 8% (9 of 107) of patients in the vaginal delivery group and in 6% (4 of 66) of patients in the cesarean delivery group. When looking at this minority in closer detail, it was noted that these patients all had a midpositioned uterus with angles ranging from 1728 6 108 before delivery to 1858 6 8.68 after delivery. The mean distance between the cesarean scar (hysterotomy scar) to the external os of the cervix was 34 6 10 mm in the cesarean delivery group. There was no correlation between the distance from the cesarean scar to the external os of the cervix and a change in the uterine flexion angle (r 5 0.043; P 5 .736).
Discussion
Our study showed that cesarean delivery can change the natural position of the uterus. The results demonstrated that cesarean delivery was associated with the new development of a retroflexed uterus in one-third of our patients. Vaginal delivery was not associated with a significant change in uterine flexion.
Over the years, reports have associated a retroflexed uterine position with an increased surgical complication rate (eg, uterine perforation). It was already reported 30 years ago that a retroflexed uterine position increases the risk of perforation during curettage, and that finding still holds true. 8, 9 A well-designed study including 9344 firsttrimester vacuum aspiration abortions found that fundal and anterior wall perforations were most common, and in 59.4% of these cases, the uterus was retroverted. 10 Although in many cases perforations are innocuous, some lead to infections, hemorrhage, and trauma to other abdominal organs. Uterine perforations are the single most frequent complication of curettage abortion requiring hysterectomy. Women with prior delivery have a 3-fold increased risk of perforation, not only during curettage but also during IUD placement. 3, 11 To prevent perforation during hysteroscopy, uterine flexion should be assessed at the beginning of the surgical procedure. 12 Prior studies have shown that intraoperative US of the uterus during a second-trimester termination can reduce the risk of perforation. 13 Interestingly, a retroflexed uterus was also shown to be an independent risk factor for severe menstrual pain and dyspareunia. [14] [15] [16] Very rarely, severe complications of retroflexed uteri are reported in the literature. For example, case reports exist of a rupture of a retroflexed uterus in the second trimester. 17 In addition, the correct diagnosis of a cesarean scar pregnancy in a retroflexed uterus may pose some difficulty. 18 Vikhareva et al 19 noted larger cesarean delivery scar defects ("niches") in women with a retroflexed uterus. These larger niches were also located lower in the uterus than intact scars. 19, 20 However, in our data, the distance of the scar from the external os of the cervix had no correlation with the flexion angle of the uterine body.
One strength of our study was that we assessed uteri with TVUS before and after delivery in the same women and compared women by mode of delivery. Additionally, patients with prior uterine surgery and fibroids were excluded, thus limiting potential confounders. The 2 independent readers showed almost perfect inter-reader agreement, which raises the reliability of our angle measurements. However, limitations were the retrospective study design and the relatively limited number of patients. In addition, the readers were not explicitly blinded to the delivery mode because the of the visibility of the cesarean scar on the postpartum US images in the cesarean delivery group. Future research may focus on the cause of changes in uterine flexion as a function of cesarean delivery and the implication on the pathogenesis of a morbidly adherent placenta (cesarean scar pregnancy, accreta, increta, and percreta).
In conclusion, cesarean delivery can change the uterine flexion angle to a more retroflexed position. Therefore, all women with a history of cesarean delivery should undergo a TVUS examination before any gynecologic surgery or IUD placement to reduce the possibility of surgical complications.
